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Density Functional Theory (DFT) of electronic structure is widely used to simulate many 
structures and systems in chemistry and physics [1]. In many cases, these simulations have 
been highly successful at explaining IR spectra, binding sites and activation energies [1, 2] 
while there are also some critical failures due to delocalization and correlation errors of 
commonly used functionals [2]. In some cases, such as the prediction of superconducting 
properties using band structures, experimental data more commonly inform post-facto 
estimates of physical properties [3]. In this work, we demonstrate the efficacy of DFT in 
modern computational programs for prediction of the superconducting transition 
temperature (Tc) for diboride structures. The key difference in approach compared with 
past estimates is the use of phonon dispersion (PD) plots to recognize the presence (or 
absence) of an anomaly and then to measure the extent and energy of the anomaly. PD 
plots are directly related to band structure models and, in the case of diborides, are a 
critical indicator of the electron-phonon interaction in a superconducting structure. DFT 
calculations are undertaken using the CASTEP module of Materials Studio 8.0 to calculate 
vibrational properties [4]. Both LDA and GGA methods with norm-conserving pseudo-
potentials, a plane-wave basis set and a dense k–grid (at k < 0.03 Å-1) provide the most 
consistent model outcomes for a wide range of AlB2-type compositions [5]. We find that 
for a range of chemical and physical variations to MgB2 – such as pressure dependence [6], 
metal substitution [5, 7] and isotopic variations [8] – evaluation of the E2g phonon anomaly 
provides a direct, ab initio, estimate of Tc for this class of materials. In addition, this 
approach leads to prediction of Tc values for new, as yet unknown, compounds of the same 
structure type [5, 7].  
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